INTRODUCTION
The mechanism of progressive bone and soft connective tissue loss, as seen in rheumatoid arthritis (RA) and periodontal disease (PD) is associated with the host immune response. 1, 2 The most recent studies confirm the relationship between RA and PD caused by similar risk factors and mechanism related to Porphyromonas gingivalis (P. gingivalis) infection. Soft and mineralized tissue destruction in RA and PD appears to be a result of a complex interaction between the P. gingivalis infection and the host immune response. [3] [4] [5] [6] As a consequence of bacterial stimuli, the host cells synthesize and secrete a great number of mediators attracting inflammatory cells to the infected area. This contributes to bone destruction by induction of osteoclast formation and release of proteolytic enzymes such as matrix metalloproteinases (MMPs) and apoptosis of cells. 7 Therefore, in immunocompromised patients with an impaired healing capacity and greater risk of implant failure, improvement of bone tissue regeneration is required.
A number of studies have shown that plant-derived polysaccharides are immunomodulatory agents. [8] [9] [10] [11] Recently, it was reported that pectin polysaccharide rhamnogalacturonan-I (RG-I)
can prevent inflammation, 8, 9 and improve tissue regeneration. [12] [13] [14] [15] [16] Our previous studies also showed that nanocoated RG-I pectins enhance bone tissue regeneration in vitro through upregulation of the gene expression of osteogenic markers in human and murine osteoblasts. [17] [18] [19] Moreover, pectin polysaccharides have been reported to affect the behavior of fibroblasts, the most common cells of connective tissue, which play a critical role in the soft and bone tissue healing process. 20 RG-I is able to induce adhesion, proliferation and survival of fibroblasts and may stimulate soft and hard tissue regeneration as a result. 16 Its ability to modulate the host's inflammatory response as well as stimulate tissue repair makes RG-I a (PU) on in vitro HGFs' behavior and modulation of proinflammatory response stimulated by P. gingivalis infection.
MATERIALS AND METHODS

Isolation, modification and nanocoating of RG-I
RG-I was isolated and prepared by the enzymatic treatment of potato pulp (P) as previously published. 18, 19 Two different pectin RG-Is, PA and PU, were used in this study. The chemical properties, monosaccharide composition, and linkage analysis of PU and PA have been presented in our previous works. 18, 19 In this study, PU and PA RG-Is (128 µg/mL) were adhered to the surface of 6-well, 24-well, and 96-well tissue culture polystyrene (TCPS)
plates (Techno Plastic Product) as described earlier. 
In vitro studies
Cell culture
Fibroblast primary cells were isolated from human gingival leftovers after surgery (ethical number: EA1/081/14) as described 24 and cultured in a DMEM medium (Gibco) supplemented with 10% fetal bovine serum (FBS) (Biochrom), 1% non-essential amino acids (Biochrom), 1% antibiotic (streptomycin and penicillin) (Biochrom), 1% amphotericin (Biochrom), and 1% L-Glutamine (Biochrom). The cells were incubated at 37°C with 5% CO 2 (Heraeus). The cell morphology was monitored and documented before and after infection with P. gingivalis by light microscopy (Leitz).
Porphyromonas gingivalis cultivation
The P. gingivalis strain ATCC 33277 (Manassas) was used in this study. P. gingivalis bacteria examined by the commercial biochemical test kit ID 32A (API BioMérieux) were grown at 
Porphyromonas gingivalis infection assay
For the infection assay, the P. gingivalis strain was firstly resuspended in the DMEM medium containing no antibiotics. The number of bacteria was determined by measuring the optical density (OD) using a UV-visible spectrophotometer (Shimadzu Co.) at a wavelength of 520 nm, based on a standard curve established by the colony formation on bacterial plates. The confluent HGF monolayers were infected with P. gingivalis at a multiplicity of infection of 100 and incubated for 2 hours (at 37°C in 5% CO 2 ). After co-incubation of the HGFs with the bacteria, the supernatant was replaced with a fresh medium containing 0.5 mg/mL of gentamicin (Biochrom) and 0.1 mg/mL of metronidazole (Sigma-Aldrich) for 1 hour to remove the extracellular bacteria. After 1 hour the HGF cultures were washed twice with sterile phosphate buffered saline (PBS). Finally, the fresh DMEM medium supplemented with fetal bovine serum and antibiotics was applied to each well. The infected HGFs were incubated at standard conditions (at 37°C in 5% CO 2 ) for the in vitro experiments.
Proliferation
Cell proliferation was assessed using bromodeoxyuridine (BrdU) on the 96-well plate with 1 × 10 5 cells/mL seeded and measured at 12, 24, 48, and 72 hours after infection. The proliferation was performed using commercially available BrdU kit (Roche Diagnostics GmbH). The cells were processed according to the recommendations in the manufacture's protocol. 
Cell metabolic activity
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Cell metabolic activity was analyzed on the 24-well plate with 2 × 10 4 cells/mL seeded and measured at 3, 24, and 72 hours after infection by a tetrazolium salt (WST-1) colorimetric assay (Roche Diagnostics GmbH). Briefly, the culture medium was removed, and the experimental medium containing a 10% (100 µL) WST-1 reagent was applied (250 µL/well).
The plates were incubated at 37°C with 5% CO 2 for 1 hour, and 100 µL/well was transferred to a 96-well plate (Nunc). The plate was shaken before the absorbance measurement at 450 nm and 650 nm (baseline correction) by a Microplate Reader 500. Wells containing the WST-1 medium without cells were used as the background and were subtracted from all the measurements.
Reverse transcription and real-time polymerase chain reaction
The RNA isolations were conducted after 3, 7, 14, and 21 days using an RNeasy mini kit (Qiagen) as previously described. 18 Isolated RNA was reverse transcribed using a one-step high-capacity cDNA reverse transcription (RT) kit (Applied Biosystem). The level of gene expression was calculated using the comparative C t method (∆∆C t ). Results of the beta actin (ACTB) expression were used as the C t reference for each of the samples, and results of the investigated genes obtained for 3-day HGFs were used as the ∆C t calibrator sample.
LightCycler 480 SYBR Green I Master (Roche Diagnostics GmbH) and specific oligonucleotide primers (Sigma-Aldrich) were used for examining the expression of target genes: collagen type 1 (COL1A1), fibronectin 1 (FN1), matrix metalloproteinase 2 (MMP2), fibroblast growth factor receptor 1 (FGFR1), tumor necrosis factor-alpha (TNFA), interleukin-1 beta (IL1B), interleukin-8 (IL8), and beta actin (ACTB) as the endogenous control gene. 
PU and PA coatings do not influence the infected HGF morphology
First, we analyzed the impact of the RG-I nanocoating on the P. gingivalis-infected HGFs in terms of morphological differences. As shown in Figure 2 , neither the nanocoating with PU nor that with PA influenced the morphology of the infected HGFs as compared to the corresponding TCPS control. No differences in cells shape, size, and spreading were found between the HGFs grown on the different surfaces (PU, PA, and TCPS).
PU and PA coatings enhance the infected HGF proliferation and metabolic activity
To determine the influence of the RG-I nanocoating on the fibroblast proliferation after the P.
gingivalis infection, we analyzed the BrdU incorporation rate of these cells on the different coatings (PU, PA, and TCPS as the control) by using ELISA. The proliferation rate of the infected HGFs increased over time irrespective of the different culture surfaces/coatings used ( Figure 3) . But, the proliferation rate was significantly higher in the infected HGFs cultured on the PU-and PA-coated than that of the cells grown on TCPS as observed at each period being analyzed (12, 24, 48 , and 72 hours). Moreover, the cellular metabolic activity increased over time in HGFs after the P. gingivalis infection (Figure 4) . Compared with the infected HGFs seeded on TCPS, significantly higher cellular metabolic activity was detected in cells grown either on the PU-coated surfaces at 3 hours or on the PA-coated surfaces at 3 hours and 24 hours post infection.
PU and PA coatings considerably influence the infected HGF gene expression
To investigate the influence of the RG-I nanocoating on the proinflammatory response of P.
gingivalis-infected HGFs, we first analyzed the gene expression of IL1B, IL8, TNFA, and MMP2 ( Figure 5 ). In general, the IL1B, IL8, TNFA, and MMP2 expression decreased over the important player in the initiation of the inflammatory response, and inhibits the inflammatory response of SF. 29 This finding is in line with our results, and therefore, it can be speculated that the anti-inflammatory effect of RG-I pectin is mediated through the galectin-3 receptor.
Experimental evidence indicates that the region of RG-I with a higher galactose content binds specifically and inhibits the function of galectin-3 found on the cell surface. 30 But, the molecular mechanism of the interaction between the RG-I structure and the cellular galectin-3 receptors under bacterial infection is still poorly defined and needs further investigation.
The primary function of fibroblasts such as HGFs is to maintain the ECM turnover by the deposition of ECM components and the secretion of ECM-degrading MMPs. The balance between the deposition and the degradation of ECM is essential for the structural integrity of the tissue. The inflammation process interferes with the bone homeostasis, induces higher MMP secretion, and leads to an excessive degradation of ECM. 31, 32 Previous studies intend to use the ECM proteins as implant coatings to improve the bone healing, but they can denature and thereby lose the ability to bind cells. Additionally, the proteins can be subjected to the enzymatic degradation, particularly those stemming from the mammalian origin that has classically been used due to their involvement in the bone formation (i.e. collagen). The plantderived polysaccharides, mainly represented by the RG-Is have the advantage of being relatively inexpensive and easy to obtain than the commonly used proteins. Furthermore, the RG-I molecules are not enzymatically degraded in the body and their structure is relatively easy to control. 12, 13, 33 Our results showed that the RG-I properties may have a great effect not only on osteoblasts, 14, 17, 18 but also on fibroblasts during the bone healing process due to increasing expression levels of COL1A1 and FN1 ( Figure 5 ). These findings are of great importance since collagen and fibronectin are the main components of ECM. 31 Recent clinical investigation has demonstrated the important role of the FGF/FGFR signaling in the promotion of bone regeneration. FGFR1 is known as a major factor affecting cell proliferation and differentiation. 34 Thus, the enhanced FGFR1 expression in the presence of RG-I could contribute to greater bone regeneration following the P. gingivalis infection. The present study also demonstrated the ability of RG-Is, particularly PA, to suppress the MMP2 expression in the presence of P. gingivalis. A lower MMP2 expression may lead to the inhibition of the excessive degradation of ECM following the P. gingivalis infection ( Figure   5 ). To summarize, the RG-I coating on surfaces does not only seem to decrease the proinflammatory response of HGFs through a downregulation of IL1B, IL8, and TNFA, but
